The distal interosseous membrane (DIOM) of the forearm, which is distal to the central band of the interosseous membrane, spans the radius and ulna at the dorsal region of the pronator quadratus muscle. The DIOM acts as a secondary soft tissue stabilizer of the distal radioulnar joint (DRUJ) when the triangular fibrocartilage complex (TFCC), which is the primary stabilizer of the DRUJ, is torn. [1] [2] [3] [4] The functional anatomy of the DIOM and an isometric thick fiber within the DIOM called the distal oblique bundle (DOB) has been reported. [5] [6] [7] [8] [9] The DIOM and its effect on DRUJ instability in distal radius fractures have recently been attracting attention.
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Distal radius fractures show various patterns of deformity. Ulnar translation of the proximal fragment, which is a reflection of the radial translation of the distal fragment, is one of the most common deformities; however, it is commonly overlooked or unrecognized. 13 Ulnar translation of the proximal fragment has been described as a radial beak pattern, in which the radial part of the distal fragment creates the appearance of a large beak. 14 This pattern has been seen in $50% of distal radius fractures, and it correlates with the anatomical location of the insertion of the brachioradialis distal tendon.
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A residual ulnar translation deformity of the proximal radial shaft has the potential to cause DRUJ instability when a TFCC injury is also present, because it may result in detensioning of the DIOM 11 (►Fig. 1). However, to the best of our knowledge, the influence of an ulnar translation deformity of the proximal radial shaft on DRUJ stability has never been quantitatively investigated.
Preliminary Biomechanical Experiment
We performed a preliminary biomechanical experiment to investigate the influence of ulnar translation of the proximal fragment on DRUJ instability. We used three fresh-frozen cadaveric upper limbs, all of which had a distinct DOB in the DIOM. All specimens were amputated above the elbow. Skin, tendons, joint capsules, and muscles were removed, sparing the ligaments, and interosseous membranes. The TFCC, the extensor carpi ulnaris tendon subsheath, and extensor retinaculum were also preserved. Then, the humerus and ulna were fixed to the testing apparatus with the elbow in 90°flexion, which allowed the radius to rotate freely around the ulna. Both the radiocarpal and midcarpal joints were fixed in the neutral wrist position using two Kirschner wires (K-wires) of 3.0-mm diameter.
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Abstract
It has been reported that the distal interosseous membrane (DIOM) of the forearm constrains the dorsal dislocation of the distal radius. A residual ulnar translation deformity of the radial shaft in distal radius fractures has the potential to cause distal radioulnar joint (DRUJ) instability when triangular fibrocartilage complex (TFCC) injury is also present, because it may result in detensioning of the DIOM. Correction of ulnar translation of the radial shaft is critical because it restores DIOM tension, which then firmly holds the ulnar head in the concavity of the sigmoid notch.
A 3-dimensional space electromagnetic tracking device (3SPACE FASTRAK; Polhemus, Colchester, Vermont, USA) was used to measure the DRUJ mobility. One sensor was placed on the ulnar aspect of the distal ulna, and another was placed on the radial aspect of the distal radius. A screw of 4-mm diameter was inserted into the ulnar corner of the distal radius to apply loading in the dorsal and palmar directions. Passive DRUJ mobility was tested by translating the distal radius relative to the ulna in a dorsopalmar direction with a load of 19.6 N using a weight in a neutral forearm rotation. The magnitudes of displacement were measured under various conditions, including the following: intact TFCC and DIOM (►Fig. 2a), complete sectioning of the TFCC including the foveal fibers of the radioulnar ligaments with an intact DIOM (►Fig. 2b), additional 5-mm ulnar translation of the radial shaft at the level of the proximal margin of the sigmoid notch with an external fixator (►Fig. 2c), and complete sectioning of DIOM after reducing the ulnar translation deformity. As a result, under the condition in which the TFCC was completely sectioned with an intact DIOM, the radius dislocated palmarly, resulting in dorsal translation of the ulnar head relative to the radius but not absolutely. Bidirectional (both palmar and dorsal) dislocation of the radius occurred after additional ulnar translation of the radial shaft. The bidirectional dislocation was corrected simply by reducing the ulnar translation and was reproduced by DIOM sectioning after reducing the deformity. These results suggested the following: (1) The intact DIOM constrained dorsal dislocation of the radius but did not prevent palmar dislocation; (2) a residual 5-mm ulnar translation deformity of the proximal radius detensioned the DIOM, resulting in bidirectional (palmar and dorsal) DRUJ instability when a TFCC 
Influence of Ulnar Translation of the Radial Shaft in Distal Radius Fracture Moritomo, Omori 19
This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
injury was also present; and (3) when the TFCC and DIOM were cut after anatomic reduction of the skeletal structures, bidirectional DRUJ instability persisted.
Discussion
Previous cadaveric biomechanical studies have revealed that the DIOM plays an important role in constraining the dorsal dislocation of the radius at the DRUJ; however, it seldom constrains the palmar dislocation of the radius. [1] [2] [3] [4] We confirmed in our study that the radius did not dislocate dorsally as long as the DIOM remained intact when the TFCC was completely sectioned. However, this important function of the DIOM in maintaining DRUJ stability in the face of a distal radius fracture has not been well recognized. The DIOM predominantly constrains the dorsal dislocation of the radius because of its anatomic features. The radial attachment of the DIOM spreads from the dorsal rim of the sigmoid notch (distally) to the ulnar aspect of the radial shaft (proximally) 8 (►Fig. 3a). The radial attachment of the DOB, the thickest fiber of the DIOM, is located at the most dorsal region of the medial wall of the radius at which the deep portion of the pronator quadratus muscle inserts (►Fig. 1b). The DOB is stretched between the proximal margin of the dorsal rim of the sigmoid notch and the most radial aspect of the ulnar shaft 4-5 cm proximal to the distal end of the ulna. In the axial view, the DOB passes from the dorsoradial side to the ulnopalmar side (►Fig. 3b). The DOB perhaps becomes taut and works effectively in wrist supination in which the radius shifts dorsally, thereby compressing the ulnar head on the palmar rim of the sigmoid notch due to the dorsal orientation of the radial attachment of the DOB.
Orbay has classified ulnar-side injuries that are concomitant with the distal radius fractures into three types. 12 In type A, the TFCC and DIOM remain intact; they need no specific treatment other than the restoration of the bony anatomy. In type B, the TFCC and the extensor carpi ulnaris tendon sheath rupture, but the DIOM remains intact. DRUJ subluxation is corrected, and adequate stability is restored after the anatomic reduction of the skeletal structures. In type C, the TFCC, the extensor carpi ulnaris tendon sheath, and the DIOM, including the DOB, all rupture. Therefore, all the ligamentous support for the DRUJ is lost. After anatomic reduction of the skeletal structures, either subluxation of DRUJ persists or clinical testing shows DRUJ instability. The persistent DRUJ instability needs specific intervention such as TFCC reconstruction.
In cases where the TFCC is severely injured and there is detensioning of the DIOM due to ulnar translation of the radial shaft, the DRUJ gap increases, allowing dorsal and palmar dislocation of the sigmoid notch of the radius relative to the ulnar head. The results of our experiment suggest that, if ulnar translation deformities of the radial shaft in type B fractures are not adequately corrected, type B fractures become similar to type C fractures and DRUJ instability persists.
Therefore, we should be careful when correcting deformities in distal radius fractures, especially Orbay's type B fractures. During volar plate fixation, residual ulnar translation of the radial shaft can easily be corrected, as suggested by Ross.
11 The single screw that is present in the sliding hole is slightly loosened but maintained in place; it forms a pivot point for the correction. A claw-type bone holder can then be positioned with one limb over the ulnar border of the radius just proximal to the fracture line and one limb over the radial side of the plate or through one of the holes on the plate. When the clamp is tightened, progressive ulnar translation of the distal fragment occurs with the proximal screw acting as a pivot point. When satisfactory translation has been achieved, the single screw is tightened, and as long as length has also been restored, the remaining shaft screws can be inserted. Dorsal dislocation of the distal radius is constrained by the intact DIOM when the TFCC is ruptured. In case of a TFCC injury, additional ulnar translation of the radial shaft or DIOM rupture causes dorsal and palmar instability of DRUJ. Correction of ulnar translation of the radial shaft restores the DIOM tension, which subsequently holds the ulnar head firmly in the concavity of the sigmoid notch. Thus, hand surgeons need to recognize the function of the DIOM with injuries in which DRUJ instability accompanies distal radius fractures.
